ISSN 1 - . Information Technologies in E ion. 2021. N2 1 (4

UDC 004.94:53:371.3
Hennadiy Kravtsov, Mykola Sobol, Artur Tarasiuk
Kherson State University, Kherson, Ukraine

VISUALIZATION OF MODELING PHYSICAL LAWS FOR SYSTEMS, PROCESSES
AND PHENOMENA USING AUGMENTED REALITY

DOI: 10.14308/ite000738

The methods of visualization in modeling physical laws for systems, processes and
phenomena using AR technologies in the educational process of secondary schools are
considered. The use of augmented reality (AR) technology allows teachers to design and create
effective educational resources (EER). Visual representation of the action of physical laws
contributes to their better perception and understanding by students and increases their
motivation to learn.

A model of an educational system using augmented reality technologies was built to
visualize physical laws in school textbooks. Examples of visualization of physical laws in the 8th
grade physics course were considered. AR applications were developed to visualize physical
laws studied in the sections "Thermal phenomena", "Electrical phenomena. Electric current”.

The expert method was used to assess the prospects for using augmented reality in the
educational process. The result of a survey of experienced secondary school teachers in Kherson
(Ukraine) confirmed the hypothesis about the effectiveness of using electronic educational
resources based on AR technology. The feasibility of using such educational resources both in
the classroom at school and in extracurricular work during independent learning has been
confirmed. The proposed model of the learning system was tested in the classrooms of students in
the process of studying in the specialties of the STEM educational paradigm.

Keywords: Augmented reality, ICT, mobile application, visualization, physical laws, school
textbook

1 Introduction

One of the effective methods for studying physical laws is the visualization of models of
systems, processes and phenomena in which they operate. When studying physical laws in a
school physics course, methods of their description, physical and mathematical modeling,
laboratory work and solving practical problems, visualization in the form of drawings,
photographs, diagrams, multimedia software objects and video films are used. Visualization of
the elements of physical systems, the values of their parameters, initial, current and final data
allows you to visualize the object or process under study. Visualization of dynamic systems and
physical processes is based on the visualization of the development of systems in time.

The modeling is based on physical and mathematical modeling of systems and processes,
including physical laws [1]. These models are used for software design [2].

The Physics Educational Complex "Fascinating Reality" is a digital interactive teaching aid
for studying physics with an increased level of involvement in the educational process through
augmented / virtual reality technologies, three-dimensional graphics and 3D stereoscopy. From
the methodological point of view, the complex has implemented more than 100 demonstrations
and virtual laboratory works on key topics of the school physics course, in which more than 300
interactive animated 3D models are used [3].

Augmented reality is a type of virtual reality technology that combines objects and
processes in a real environment with digital content created by computer software. The
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introduction of new approaches to the educational process and the use of new technologies are
aimed at improving the quality of students' knowledge and skills.

Augmented reality allows you to study the operation of various dynamic and static
systems, expanding the boundaries of reality, which in turn helps to increase students' interest in
the subject of the studied area, better assimilation of new information.

AR methods and technologies are used to visualize the state and interaction of various
static and dynamic systems, expanding the boundaries of reality. This increases students' interest
in the subject of the studied area and the level of assimilation of theoretical material.

The relevance of creating and using EER using AR in secondary and higher education is
determined by the need for a wide range of disciplines for:

e visualization of models of systems and processes,

e detailing the presentation of properties and interaction of complex objects,
e visualization of the interaction of elements of complex objects,

e creation and implementation of virtual excursions and travels, etc.

The subject of the study is the modeling and design of ERR software and hardware using
interactive augmented reality technologies.

The aim of this work is to design and develop ERR software for visualization of processes
and models of physical laws using AR.

Analysis of methodological approaches to application and a detailed description of the
toolkit for developing ERR software using augmented reality can be found in the article [4].

Visualization of systems, processes and phenomena under the conditions of the action of
physical laws is especially effective when using AR technologies.

An architecture of this system is shown in Figure 1 [4].
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Figure 1. An architecture of EER using augmented reality

School textbook is the main teaching resource in the learning system. Images, figures in a
school textbook can serve as a trigger for visualizing models of existing objects that the user sees
on the smartphone screen as a result of the application. An e-book can also be used, which is the
publication of a book in digital form.

Smartphone is a mobile device with the required OS parameters (Android or 10S version,
camera, Internet access) and with the AR application installed.

Database is used for external storage of training resources and is an important element of
the training system.
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Before creating an augmented reality (AR) training system, it is necessary to develop a

plan of the application scenario, which should include the following components:

e development of an AR physics ERR begins with the creation of a plan of the scenario for
visualizing the physical process, which should include the following components:

e multimedia and interactive elements of the visualization system;

e description of user interaction with the content: user interaction is carried out through
data exchange with the system server (the user can download the necessary resources, as
well as enter data during testing);

e description of user interaction with the content through data exchange with the system
server (the user can download the necessary resources, as well as enter data during the
use of the ERR);

e requirements and conditions for the use of additional software necessary for working
with the ERR;

e user-friendly interface for using the application.

2. Description of the Learning System Model Using AR Technology for Visualization
Physical Lows
2.1 The subject area

Table 1 shows the list of sections studied according to the physics course program 7-9,
10-11 [5]. For each section, there is a list of the physical laws studied in this section.

Table 1. The list of sections and physical laws
according to the program of a course of physics of 7-11 grades

# | Grade List of sections List of physical laws

1 7 "Physics as a natural | Hooke's law.
science.  Cognition  of | Pascal's law. Archimedes' law.
nature", Law of energy conservation.

"Mechanical motion",
"Interaction of bodies.
Force",

"Mechanical work and
energy"

2 8 "Thermal phenomena", The law of heat transfer.

"Electrical phenomena. Coulomb's law. Ohm's law for a section of a circle.
Electric current" Joule-Lenz law.
3 9 "Magnetic phenomena", Law of direct light propagation.
"Light phenomena", Reflection law. Refraction law.
"Mechanical and Newton's laws. Newton's law of universal gravitation.
electromagnetic waves", Momentum conservation law.
"Physics of the atom and
the atomic nucleus.
Physical foundations of
nuclear energy",
"Movement and
interaction. Laws of
conservation"

4 10 "Mechanics", Law of velocity composition. Newton's laws. Law of
"Molecular Physics and universal gravitation. Pascal's law. Archimedes' law.
Thermodynamics" Bernoulli's law. Momentum conservation law. Law of

conservation of angular momentum.
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5 11 "Electrodynamics", Coulomb's law. Ohm's law for a complete circuit.
"Oscillations and Waves", | Joule-Lenz law. Law of electromagnetic induction. Laws
"Quantum Physics" of electrolysis. Faraday's law.

Huygens' principle. Reflection and refraction laws.
Doppler effect. Laws of geometric optics.

Laws of motion in quantum physics. Heisenberg's
principle. Radioactive decay law.

Physical laws in the school physics course are studied by the method of their description,
physical and mathematical modeling, laboratory work and solving practical tasks. Therefore, to
visualize their models in physical modeling, it is necessary to present a description of the
physical system in which the physical law operates, in the form of the interaction of its visual
elements. At the same time, the physical parameters of these interacting elements of the system
can form functional relationships in the form of a set of mathematical formulas. These formulas
in the form of equations, inequalities and their systems form a mathematical model of a physical
system.

As an example, consider the laws of physics in the 8th grade physics course. The program
of the 8th grade of the school curriculum of physics contains two sections of physics: 1.
"Thermal phenomena" and 2. "Electrical phenomena. Electricity". In the learning module
"Electric current" when studying Ohm's law for a section of a circuit to demonstrate the
operation of the law, you can use the electric circuit diagram Exercise 29.1 [6] (Figure 2).
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Figure 2. An electrical circuit to visualize the action of Ohm's law for a section of the circuit

The system model consists of an electrical circuit containing the elements: a current source
with voltage U, a lamp with resistance R, instruments - a voltmeter and an ammeter. The
mathematical model is determined by the formula (1) of the dependence of the current strength /
on the voltage U and resistance R.

I =

o]

@

Parameters U and R are set, and the value of parameter / is calculated according to (1). For
example, with U = 18 V and R = 3 (), we get the calculated value / = 6 A.

2.2 Learning System Model

The formal model M of the physical laws visualization system can be represented in the
form (2).

M = (0, u(0), X(0), D(u(0))) (2)
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where ¢ = (0, 0,, ..., g;) is the set of system elements, u(o) = (u(a,), u(o,), ..., u(ay)) is the
set of parameters of the system elements, Y(o) — the formula for the connection of the elements o
[7], ©(u(o)) — a set of formulas of the mathematical model depending on the parameters u(o).

2.3 Samples

Let's consider examples of the model representation of the physical laws visualization
system of the 8th grade physics course.

Example 1. Coulomb's law.

The formulation of Coulomb's law: The force F of the interaction of two stationary point
charges ¢, and g, is directly proportional to the product of the absolute value of these charges and
inversely proportional to the square of the distance r between them (3):

a,|*|a
T N
T
where k = 1/(4ne,e) is the proportionality coefficient, &, = 8,85%10' C*/N*m’ is the
electrical constant, € — is the dielectric constant of the medium.
The formal model M, of the Coulomb's law visualization system in accordance with (2) has

the form (4):
M, = (o = (0), 0y), (o), X(0), P(u(0))) 4)

where o, is point charge 1, u(a,) = (g, F;, m, 1,, r), 0, is point charge 2, u(o,) = (¢, F», m,,
l,), m; is the mass of a point charge i, /; is the length of the inextensible thread on which the point
charge i (i = 1,2), ¥(o0) is the formula for the connection of the elements ¢, and a,, in accordance
with Figure 3.

Figure 3. The forces F; and F, of the electrical interaction of point charges are directed
along the conditional straight line connecting these charges

The mathematical model ®(u(o)) is built on the basis of formula (3), setting the values of
the parameters ¢,, ¢,, in one system of units (for example, SI) to calculate the value of F.

Example 2. Ohm's law.
The formulation of Ohm's law for the circuit section:

The current in a section of the circuit is directly proportional to the voltage at the ends of
this section and inversely proportional to the resistance of this section (5):
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I=—4 (5)

where U is voltage, R is resistance, / — current.

The formal model M, of the Ohm's law visualization system in accordance with (2) has the
form (6):

M, = (0= (01, 02, 0), 1t (0), Z (0), @ (u (9))), (6)

where o, is a voltmeter, u (o)) = U, o, is a lamp, u (0,) = R, 05 is an ammeter, u(o3) =1, 2,
(o) is the formula for the connection of the elements ¢, o, and o3, in accordance with Figure 2.

The mathematical model ®(u(o)) is built on the basis of formula (5), setting the values of
the parameters U and R in one system of units (for example, SI) for calculating /.

3 Software Design for Visualization Physical Lows Using AR Technology
An application for visualizing physics laws using AR has the following interface
components:

e "View object" (trigger scan to launch the application),

e "Application screen" (work area of the application),

e '"Parameters panel" (input of values of parameters of a physical system or process,
control of navigation through the application),

e "Help" (instructions for using the application),

e '"Exit" (exit from the application).

When you point the camera lens at the page with a special marker, the program recognizes
the trigger mark and launches the corresponding mobile application.

The user can perform control and navigation actions. At the time of performing a certain
action with objects, the user in the background can see the corresponding contextual help and
training information.

To use the program for its intended purpose, the user must have a textbook with triggers
and a smartphone with AR apps.

Let us consider in more detail the process of modeling and design of educational objects
AR using the example of visualization of models of physical processes under the conditions of
the action of physical laws.

As an example, consider a school textbook in physics for grade 8 edited by V.G.
Baryakhtar, S.O. Dovgy [6], section "Electrical phenomena. Electric current", § 22. Coulomb's
law, page 121. An example of an illustration of the operation of Coulomb's law is considered in
the textbook (Figure 3) as a trigger #1 (variable notation retained).

In Unity 3D, Vuforia, a 3D model was developed for trigger # 1. It consists of the
following elements: o; - point charge i (i = 1,2), u(a,) = (g,, F\, r), u(o,) = (q», F>).

The user can change the values of the charges ¢, and ¢, for a given distance r between
them. The calculated value of the force of interaction of charges illustrates the action of
Coulomb's law (Figure 4).
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Figure 4. Visualization of the Coulomb's law using AR

Consider the following example, demonstrating the Ohm's law, # 29 from the school
textbook [6] (Figure 2). Unity 3D with Vuforia has developed a 3D model for the trigger Figure
2. It consists of the following elements: g, is a voltmeter V, u(s,) = U, o, is a lamp L, u(o,) = R,
05 is an ammeter A, u(o;) = 1.

At the given values of voltage U and resistance R, the ammeter shows the value of the
current / calculated by the formula (5) (Figure 5).

Ohm's law

Crmmmon) (o Off

Figure 5. Visualization of the Ohm's law using AR

An on / off switch connects and opens the circuit, thereby updating the calculated data.

4 Prospects for using AR in the educational process

The expert method was used to assess the prospects for using augmented reality in the
educational process. The results of a survey of 12 experienced secondary school teachers in
Kherson (Ukraine) confirmed the hypothesis of the effectiveness of using electronic educational
resources based on AR technology. The feasibility of using such educational resources both in
the classroom at school and in extracurricular work during independent learning was confirmed.

22



ISSN 1 - . Information Technologies in E ion. 2021. Ne 1 (4

The results of the evaluation of indicators are presented in Table 2.

Table 2. Expert assessment of ERR using AR technologies

# Evaluation Options Grade
1  ERR is consistent with the curriculum 3,5
2 The use of ERR is methodologically justified 4,8
3 The use of ERR is technologically justified 4,2
4 ERR has the property of interactivity 4,1
5 ERR has a convenient user interface 3,9
6  The use of ERR motivates students 4.5
7  ERR can be used in classrooms 3,3
8  ERR can be used for independent work 4,7
9  Teachers are interested in using ERR 3,9
10 I plan to use such ERR in the educational process 3,5

Thus, the results of the teacher survey confirm the relevance and importance of designing
and creating EER using AR-powered apps.

5 Conclusion and future work

The relevance of creating EER based on AR technologies is determined by their wide use
in the learning process in secondary and higher education.

The paper proposes a model for visualizing systems and processes to demonstrate the
action of physical laws. The development technology and methodology for using software based
on augmented reality are described.

The proposed model of the training system formed the basis for the design and
development of EER for visualizing physical laws in the 8th grade physics course and was tested
in the learning process in STEM disciplines. Augmented reality applications were developed to
visualize physical processes studied in the sections "Thermal Phenomena", "Electrical
Phenomena. Electric Current".

An expert method was used to assess the prospects for using augmented reality in the
educational process. The results of a survey of experienced secondary school teachers in Kherson
(Ukraine) confirmed the hypothesis about the effectiveness of using electronic educational
resources based on augmented reality technology.

The developed model for visualizing systems and processes can be used as a basis for
developing EER for a wide range of disciplines in secondary and higher education.
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Kpasuos I'. M., Coboas M. B., Tapaciok A. O.

XepcoHChKHMH 1epKaBHUM YHiBepcUTeT, XepCcoH, YKpaiHa

BI3YAJIIBANISA MOJIEJOBAHHS  ®IBUYHUX 3AKOHIB CUCTEM,
MPOIIECIB TA AABHUII] 3A JOITOMOTI'OIO JIOMMOBHEHOI PEAJIBHOCTI

Po3rnsitHyTo MeTonmu Bi3yanmizamii Hpu MOJENIOBaHHI (PI3MYHUX 3aKOHIB JUISL CHUCTEM,
MPOIIECIB Ta SBHUII 3a JOMOMOT0I0 AR-TeXHOJOTIH Yy HaBYaJLHOMY TPOIECI CEPEIHBOI IIKOJIH.
Buxopucranns AR-TexHOMOrIl a€ 3MOry MPOEKTYBAaTH Ta CTBOPIOBATH €(EKTHBHI HaBYAJIbHI
pecypcu. BizyansHe mpencraBiieHHs Ail (I3WYHUX 3aKOHIB CHPHSE X KpalmioMy CIPUUHATTIO 1
PO3YMIHHIO YYHSMH Ta MiABUIINYE TXHIO MOTHUBALIIIO 10 HABYAHHSI.

Jnst Bizyamizamii (i3MYHUX 3aKOHIB y IIKUIBHUX IiApYyYHUKaX M0OynoBaHA MOAECIb
HaBYAJLHOI CHUCTEMH 3 BHUKOPUCTAHHSIM TEXHOJIOTIH JOMOBHEHOI peanbHOCTI. Po3risHyTo
MpUKIaaU Bizyami3anii Gi3udHuX 3aKoHIB y Kypci ¢i3uku 8 kiacy. Po3pooneno AR-nomnarku most
Bisyamizaiii (i3MYHUX 3aKOHIB, IO BUBYANHUCS B po3nainax «TemoBi siBumia», «Emekrpudsi
aBUIIA. ENEKTpUUHUI CTPYyM».

ExcriepTHuii MeToJ 3acTOCOBAaHO Ui OIIIHKM TEPCHEKTUB BHKOPUCTAHHS JOMOBHEHOT
peambHOCTI B OCBITHROMY Tipolieci. Pe3ynsrar ommTyBaHHS TOCBIMYEHUX BUYUTENIB CEPEIHIX
mkin Xepcona (YkpaiHa) miATBEpAUB TiMoOTe3y Mpo e(PeKTUBHICTh BUKOPUCTAHHS €JIEKTPOHHUX
HaBYAJIbHUX pecypciB Ha ocHOBI AR-texHomorii. IlinTBepmkeHO AOLIIBHICTH BUKOPUCTAHHS
TaKMX HaBYaJbHUX PECYpPCiB K Yy KIaci B MIKONi, TaK 1 y MO3aKJacHii poOOTi ming dYac
CaMOCTIMHOTO HaByYaHHS. 3ampoNOHOBaHa MOJAENb CUCTEMH HaByaHHS Oyna ampoOoBaHa B
ayMTOPIsAX CTYJAEHTIB y MPOLECl HABYaHHS 3a CIELiaJbHOCTIMH OCBITHBOI mapaaurmMu STEM.

KurouoBi cioBa: nmonoBHeHa peanbHicTh, IKT, MOOITEHUN H0AATOK, Bi3yatizaiis, Gpi3udHi
3aKOHH, IIKUIbHUNA HiAPYYHUK

Crarts Haaiinuia qo peaaxuii 10.02.2021
The article was received 10 February 2021

24


https://funreality.ru/lp
http://ceur-ws.org/Vol-2732
https://mon.gov.ua/ua/osvita/zagalna-serednya-osvita/navchalni-programi
https://link.springer.com/chapter/10.1007/978-3-030-39459-2_9

